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Abstract 
 
Teeth physiologically undergo demineralization and remineralisation processes. One way to reduce demineralization can 
be done with the use of CPP-ACP (Casein Phosphopeptide-Amorphous Calcium Phosphate), which has high calcium 
bioavailability. The use of natural materials products in the field of dentistry is currently growing, one of which is bilimbi/ 
starfruit (belimbingwuluh) that is rich in minerals and has many benefits. This study aims to analyze the effect of extract 
of bilimbi in tooth enamel remineralisation which is tested by using SEM and EDX equipments so that the difference of 
enamel surface microstructure and the amount of calcium and phosphorus content of tooth enamel surface can be 
identified. A total of eight hidden molar teeth were extracted, cut into four parts and divided into four groups, namely 
group I: the teeth applied with the wuluh bilimbi gel, group II: the teeth applied with CPP-ACP gel, group III: the teeth 
applied with the combination gel of starfruit extract and CPP-ACP gel, group IV: without any application. The result of 
this study was assessed qualitatively and it was noticeable that the treatment group combination of CPP-ACP gel and 
starfruit gel had the smoothest enamel surface microstructure. Quantitatively, there were significant difference is the three 
treatment groups (p≤ 0.05). The conclusion of this research is the effect of the application of wuluh bilimbi extract gel, 
CPP-ACP gel and gel combination of starfruit with CPP-ACP gel towards the remineralisation and microstructure of 
tooth enamel surface. 
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Abstrak              
 
Gigi secara fisiologis mengalami proses demineralisasi dan remineralisasi.  Salah satu cara untuk mengurangi 
demineralisasi dapat dilakukan dengan penggunaan bahan CPP-ACP (Casein Phosphopeptide-Amorphous Calcium 
Phosphate), yang memiliki bioavailabilitas kalsium tinggi. Penggunaan produk-produk bahan alam dibidang kedokteran 
gigi saat ini semakin berkembang, salah satu diantaranya buah belimbing wuluh yang kaya dengan mineral dan 
mempunyai banyak khasiat. Penelitian ini bertujuan menganalisa pengaruh pemberian ekstrak buah belimbing wuluh 
dalam remineralisasi enamel gigi yang diuji dengan menggunakan alat SEM dan EDX sehingga dapat diketahui 
perbedaan mikrostruktur permukaan enamel dan jumlah kandungan unsur kalsium dan fosfor permukaan enamel gigi. 
Sebanyak delapan gigi molar terpendam yang sudah di ekstraksi, dipotong menjadi empat bagian dan dibagi menjadi 
empat kelompok, yaitu kelompok I: gigi diaplikasi dengan gel buah belimbing wuluh, kelompok II: gigi diaplikasi 
dengan gel CPP-ACP, kelompok III: gigi diaplikasi dengan kombinasi gel ekstrak buah belimbing wuluh dan gel CPP-
ACP, dan kelompok IV: tanpa dilakukan aplikasi apapun. Hasil penelitian ini dinilai secara kualitatif dan terlihat bahwa 
kelompok perlakuan kombinasi gel CPP-ACP dan gel buah belimbing memiliki mikrostruktur permukaan email paling 
halus. Secara kuantitatif menunjukkan terdapat perbedaan signifikan pada ketiga kelompok perlakuan (p≤ 0,05). 
Kesimpulan penelitian ini adalah adanya pengaruh pemberian gel ekstak buah belimbing wuluh, gel CPP-ACP dan 
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kombinasi gel ekstak buah belimbing wuluh dengan gel CPP-ACP terhadap remineralisasi dan mikrostruktur permukaan 
enamel gigi. 
 
Kata Kunci: Gel ekstak buah belimbing wuluh, Gel CPP-ACP, Remineralisasi, SEM dan EDX 
 
 
 
INTRODUCTION 
 
Email and dentin in the human oral cavity always 
experience a demineralisation and remineralisation 
cycle. The acid localized by plaque after a cariogenic 
attack causes a low pH of the tooth surface, then dif-
fuses into the tooth causing the dissolution of cal-
cium and phosphate from the enamel. At this time, 
the pH of the oral cavity may fall below the critical 
pH of the email which is 5.5 which will lead to the 
release of minerals and the weakening of the mecha-
nical properties of the enamel and will cause damage 
to the teeth enamel structure.
1
  
Demineralisation can be overcome by using fluo-
ride, although excessive doses will cause fluorosis, 
thus many researchers look for the alternatives to an-
ticariogenic agents that do not cause fluorosis.
2
 The 
first reverse mineralisation material disclosed in 
1998 was CPP-ACP (Casein Phosphopeptide-Amor-
phous Calcium Phosphate) or better known as the 
casein phosphopeptide complex and amorphous cal-
cium phosphate. A study have proven that CPP-ACP 
is a substance that has anticariogenic activity in ani-
mals and humans in in situ experiments.3 
Therefore, CPP-ACP was chosen as one of the in-
gredients in the field of dentistry derived from casein 
derivatives and is a good material to fight caries di-
sease.
3 
CPP-ACP has deficiencies which have low 
solubility in an acidic atmosphere; this causes the de-
creased ability of CPP-ACP to hold calcium and 
phosphate ions in acidic environment.
4
 
The National Program Policy for the Development 
of Natural Resources by making Indonesia as the 
number one manufacturer in the world in natural-
based medicine industry (World First Class Herbal 
Medicine Country) in 2020, one of the medicinal 
plants that has been used since the first is wuluh star 
fruit (bilimbi), this plant gets extremely huge atten-
tion recently as the result of the evidence of scientific 
studies stating that the bilimbi wuluh is rich with mi-
nerals and has numerous advantages. Particularly in 
the field of dentistry, the minerals contained in the 
star fruit include calcium and phosphorus which are 
good for remineralising the tooth enamel.5 Wuluh bi-
limbi also contains lactic acid which is known to 
have the ability to bind calcium ions and provides 
buffer in acidic environment so that remineralisation 
process can occur.
7
 This study aims to compare the 
effects of CPP-ACP gel, wuluh bilimbi extract 
(Averrhoa bilimbi L) and combination of the bilimbi 
extract gel (Averrhoabimlimbi L) added with CPP-
ACP.
6
 
 
MATERIALS AND METHODS 
 
Wuluh bilimbi (star fruit) as much as 5kg is wet-
sorted, then thinly sliced inserted into the drying 
cupboard with a temperature of 40-50°C. The dried 
fruit is then crushed (simplicia) and put into a closed 
container and then added 75 parts of ethanol solvent, 
sealed, left for 5 days while frequently stirred, scra-
ped, squeezed, the pulp is washed with ethanol sol-
vent until 100 parts of the extractor are obtained. It is 
left for 2 days, filtered and then concentrated with a 
rotary evaporator at the temperature of 40-60°C. The 
extract of wuluh starfruit that has been concentrated 
is weighed with concentration of 0.25% from base 
HPMC and crushed until it becomes homogeneous, 
then put into a closed container (Figure 1). 
 
22  dentika Dental Journal, Vol 20, No. 1, 2017: 20 - 26  
 
 
Figure 1. The Process of Producing Wuluh Bilimbi Gel 
 
The study sample used eight newly extracted mo-
lar teeth. Each of the dental crowns is divided into 
four parts in the mesio-distal and bucco-lingual di-
rections which will be divided into four groups. The 
tooth sample is then implanted into a paralon pipe 
that has been filled with acrylic resin so that the up-
per part of buccal or lingual area of approximately 4 
x 4 mm is visible. Each group was soaked in demi-
neralisation solution for 4 days, then group I: Teeth 
were applied with 0.25% bilimbi extract gel, Group 
II: Teeth were applied with CPP-ACP gel, Group III: 
Teeth were applied with a combination of wuluh bi-
limbi extract gel 0.25% and CPP-ACP gel with a ra-
tio of 1: 1 then stirred, and Group IV: Without appli-
cation, only incubated in artificial saliva for 7 days. 
Apply groups I, II, and III as much as 1 time for 4 
minutes, after being left for 10 minutes, and incu-
bated in artificial saliva for 7 days. On the 8th day, 
sample testing was done using SEM and EDX 
equipments. Sample testing with SEM aims to deter-
mine the microstructure of the enamel surface, while 
EDX examination aims to determine the % ratio of 
the weight of Ca and P elements in each group. 
 
 
 
Figure 2. The procedure of the treatment on the study 
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Data from SEM test result was statistically tested 
using Mann – Whitney analysis test to see the signi-
ficant difference between each treatment group on 
the microstructure of enamel surface, while data 
from EDX test result was statistically tested using 
statistical test of one-way variance analysis (ANO-
VA) to know the difference of enamel remine-
ralisation in each group. Bonferroni tests were then 
conducted to determine the significant difference 
between the calcium (Ca) and phosphorus (P) ele-
ments on the enamel surface among the treatment 
groups. 
  
RESULT 
 
 
 
   
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3. SEM examination result displays the 
microstructure of enamel structure on A. The enamel 
group after the application with wuluh bilimbi extract gel, 
B. CPP-  ACP gel, C. The combination of wuluh bilimbi 
extract gel and CPP-ACP gel and on D. Without any 
application 
 
The result of SEM testing (Figure 3A), shows the 
surface of microstructure of email to be more flat, 
but some parts of the email rod look with darker co-
lour in the middle, which states that the damage re-
mains, however, the difference with the surrounding 
colour is not too large, therefore indicates that the 
damage to the enamel layer is not too deep and the 
number of pores is smaller when compared to (Fig. 
3D). Figure 3B, the surface of the microstructure of 
the email with a smaller number of pores which in-
dicates less damage after application with CPP-ACP 
gel is seen. Figure. 3C, showing the microstructure 
of enamel surfaces with smaller pores and micro 
structural surface of the enamel became smoother, 
resembling the normal surface of the enamel. Figure. 
3D, visible on the surface of the enamel microstruc-
ture with a considerable number of pores and larger 
size than all previously treated images, this indicates 
the presence of email damage and the middle of the 
email rod looks dark, where the occurrence of crystal 
damage the hydroxyapatite which composes the 
email layer, and to see each difference in the surface 
of the enamel microstructure in each group, Mann-
Whitney analysis test is conducted (Table. 1). 
 
Table 1. Mann-Whitney Test Result 
 
Group I II III IV 
I - 0.288 0.001* 0.001* 
II 0.288 - 0.012* 0.007* 
III 0.001* 0.012* - 0.001* 
IV 0.001* 0.007* 0.001* - 
Description: *significant if α ≤0,05 
 
Table 1 shows that there is significant difference in 
enamel surface microstructure among all treatment 
groups, except between group I and group II. The re-
sults of observations with EDX obtained data con-
tent of Ca and P elements in % weight and then 
ANOVA test is conducted. The result of test of Ca 
element content showed that p = 0.021 (p <0.05) 
which means that there was significant difference of 
amount of Ca element among all treatment groups, 
while P element showed p = 0.110 (p <0.05) a signi-
A 
B 
C 
D 
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ficant difference in the amount of P content in all 
treatment groups (Table 2). 
 
Table 2. Descriptive Data that Displays the Mean Value 
and Standard Deviation from AnovaTest on the Calcium 
(Ca) and Phosphorus (P) Elements Content Test of 
Enamel Surface in Each Group 
 
Group 
CA ELEMENT (% 
WEIGHT) 
P ELEMENT (% 
WEIGHT) 
N 
X ± 
SD 
P N 
X ± 
SD 
P 
I 8 
37.18 
± 7.60 
0.021* 
8 
16.56 
± 1.97 
0.110 
II 8 
38.92 
± 5.49 
8 
16.70 
± 1.96 
III 8 
43.68 
± 3.49 
8 
17.87 
± 1.21 
IV 8 
31.49 
± 
10.59 
8 
14.96 
± 3.39 
Description: *p<0.05 = significant difference 
I : Enamel group that is applied with wuluh bilimbi 
extract gel 
II : Enamel group that is applied with CPP-ACP gel 
III :Enamel group that is applied with the combination 
of wuluh bilimbi extract gel and CPP-  APP gel 
IV : Enamel group without application 
 
Viewing the difference in the content of Ca and P 
elements between each group, it can be known with 
certainty by doing a post hoc Bonferroni test. The re-
sult of the Bonferroni post hoc test showed that the 
Ca elements in groups III and IV had significant 
content differences with p = 0.002 (p <0.05), while 
the P elements in groups III and IV had significant 
content differences with p = 0.016* (p <0.05). 
 
DISCUSSION 
 
Testing using SEM (Scanning Electron Micro-
scope) and EDX (Energy Dispersive X-Ray) test 
equipment is considered as a simple and reliable me-
thod to determine information directly on changes in 
mineral content in enamel. The addition or loss of 
minerals as a process of remineralisation and de-
mineralisation can be measured with EDX. In this 
study to measure surface remineralisation of enamel, 
following the method undertaken by Bansode et al., 
2014 that is by using the surface of intact email wi-
thout polishing so as to more accurately reflect the 
demineralisation cycle in the oral environment.
8
 The 
results of the test obtained is a description of surface 
enamel microstructure with SEM test tool and the 
value and amount of minerals contained in the email 
with EDX text equipment. 
The test results with SEM test equipment, the sur-
face of the enamel microstructure in the image 
seems to be more flat, but some parts indicate the 
presence of email rod with darker colour in the mid-
dle part, which states that the damage remains, but 
the difference with the surrounding colour is not too 
large, thus indicating that the enamel layer damage is 
not very deep and the number of smaller pores 
(Figure A). The results of the test with EDX test in 
this group also show significant increases in Ca con-
tent (Table 2) and P content higher than the enamel 
surface group without application. Although the pH 
of wuluh bilimbi is 4.7 extract gel of wuluh bilimbi 
known to have high calcium and phosphate content, 
this mineral is very important needed in repair of hy-
droxyapatite structure which can trigger reminerali-
sation in teeth. 
Remineralisation occurring in this group is pos-
sible because Ion H + from the bilimbi extract gel 
joins the HPO4
2+
 from artificial saliva will be con-
verted to HPO4
-
 and H2PO4
-
, so as to maintain the 
degree of salivary acidity. After salivary pH be-
comes normal again, H2PO4
2-
 in saliva binds to Ca
2+
 
from extract gel of bilimbi to become CaHPO4
0
 
which will diffuse into the enamel. This is in ac-
cordance with a study by Kartini in 2015 on the ef-
fects of processed cheese on remineralisation in pre-
molar teeth which shows the result that processed 
cheese, despite having a low pH, is effective to in-
crease remineralisation in enamel lesions
9
 and also 
supported by Marilia et al., (2011), shows that artifi-
cial saliva may increase remineralisation of enamel 
surface after demineralisation happens, causing cal-
cium and phosphate in an alkaline or neutral envi-
ronment to benefit for the occurrence of reminera-
lisation, and calcium and phosphate in artificial sa-
liva also act to substitute the minerals lost from tooth 
enamel.
10
 
This research is an in vitro research, the solution 
component in this case is artificial saliva, newly gi-
ven to sample after giving the extract gel of wuluh 
bilimbi, if research is conducted in in vivo, saliva 
factor is produced directly by human subject, hence 
the pH of the extract gel of wuluh bilimbi which 
tends to be acid will help increasing the pH of the 
oral cavity through stimulation or increased saliva 
flow rate in the oral cavity. This is also supported by 
an in vivo study by Anatasia et al. (2011), who 
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examined that consuming yoghurt with a pH of 5.0 
may increase salivary flow rate by pH 7.0 in minutes 
so that it would not affect remineralisation ability, 
since it can help improving the pH of the oral ca-
vity.
11
 
The CPP-ACP paste used in this study are that 
which is already available in the form of products 
with the trademarks that have been claimed to fight 
demineralisation, increase saliva flow, increase fluo-
rine absorption, restore minerals, strengthen tooth 
enamel, neutralize plaque and bacterial acids and al-
leviate tooth surface sensitivity. In accordance with 
Turssi et al’s research, 2011, previously, which in-
vestigated the effects of various remineralisation in-
gredients on acid-exposed enamel, it was found that 
CPP-ACP gel results could reduce the progression of 
erosion lesions in enamel. The CPP-ACP gel pro-
vides a certain amount of calcium and phosphorus 
that can prevent demineralisation and increase the 
remineralisation of acid-exposed enamel.
12
 
Some studies have reported that the CPP-ACP gel 
can penetrate further into tooth enamel to replace 
calcium and phosphate ions lost due to deminerali-
sation. Oshiro et al
13
 conducted a study on the effects 
of CPP-ACP paste on tooth remineralisation using 
SEM test equipment and showed that CPP-ACP 
paste effectively prevents demineralisation of ena-
mel and dentine. The SEM image of enamel and 
dentin showed that the CPP-ACP-pasted teeth expe-
rienced fewer morphological changes after immer-
sion in acidic solutions compared to the group wi-
thout CPP-ACP gel application (Tooth Mousse).
13
 
This study showed SEM test results, seen in (Fig. 
B) the number of pores are smaller than the tooth 
enamel surface without application and enamel sur-
faces applied with the extract of wuluh bilimbi, in-
dicating the decrease of damage after the application 
with gel CPP-ACP, whereas EDX test result showed 
a significant increase of the remineralisation of tooth 
enamel surface which showed that Ca content and P 
content were higher than the enamel surface group 
without application and enamel surface group ap-
plied with wuluh bilimbi extract gel (Table 2). This 
may be because CPP is completely binding calcium 
and phosphate in the form of ACP and this com-
pound can directly enter the surface of the enamel 
resulting in remineralisation. Meanwhile, the extract 
gel of the star fruit still has to stabilize the calcium 
phosphate in saliva solution. Therefore, the extract 
gel of bilimbi may be able to react completely if 
there is a solution component such as saliva at the 
time of its application. Meanwhile, in this study 
which is an in vitro study, a new artificial salivary 
solution component was then administered to the 
sample after the extract gel of the star fruit gel was 
applied to the enamel.  
This study, showing the SEM results in the group 
(Figure 3 C), appears to be a smaller number of 
pores and the micro structural surface of the enamel 
becomes smoother, resembling the normal surface of 
enamel. The results of the test with the EDX test 
equipment showed an increase in enamel surface re-
mineralisation significantly that the Ca and P content 
of this group, when compared with all other groups, 
the result is higher in remineralising the enamel sur-
face (Table 1). This is possible because the PO4
3-
 
from ACP binds to the H
+
 ions from the extract gel 
of the star fruit to normalize the pH of the solution, 
then the other PO4
3-
 binds to the calcium to diffuse 
into the tooth enamel. The increase of H
+
 ions in so-
lution will be balanced out by the decrease of OH
-
 
and PO4
3-
 ions. If the CPP-ACP combination with 
the extract gel of star fruit is applied it will release 
phosphate which becomes one of the saliva buffers. 
H
+
 ions will join the PO4
3-
 from ACP and converted 
to HPO4
-
 and H2PO4
-
, can be used to maintain sa-
livary acidity degree. After the salivary pH becomes 
normal again, the H2PO4
2-
 in saliva binds to Ca
2+
 
from a combination of star fruit extract of wuluh and 
CPP-ACP gel to CaHPO4
0
 which will diffuse into 
enamel. This is in accordance with a study by Fitri et 
al., 2014, where enamel surfaces applied with a 
combination of CPP-ACP and chitosan gel, resulted 
in better remineralisation on tooth enamel surfaces 
when compared to enamel after CPP-ACP gel is ap-
plied. This is due to the interaction between two re-
mineralisation materials that complements each 
other’s deficiencies of each of these materials.14 
Based on the result of research on the effect of ex-
tract gel of wuluh bilimbi (Averrhoa bilimbi L) to re-
mineralisation of tooth and enamel microstructure 
with SEM and EDX test, it can be concluded that the 
wuluh bilimbi (Averrhoa bilimbi L) extract gel, 
CPP-ACP gel and combination the wuluh bilimbi 
(Averrhoa bilimbi L) extract gel with CPP-ACP gel 
can significantly affect the surface remineralisation 
of tooth enamel. 
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